Concurrent Optimization of Size and Switch-on Priority of a Multi-source Energy System for a Commercial Building Application  by Barbieri, Enrico Saverio et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ATI 2014
doi: 10.1016/j.egypro.2015.12.058 
 Energy Procedia  81 ( 2015 )  45 – 54 
ScienceDirect
69th Conference of the Italian Thermal Engineering Association, ATI 2014  
Concurrent optimization of size and switch-on priority of a multi-
source energy system for a commercial building application 
Enrico Saverio Barbieri a, Mirko Morini b, Enrico Munari a*, Michele Pinelli a,  
Pier Ruggero Spina a, Roberta Vecci a 
a Dipartimento di Ingegneria, Università degli Studi di Ferrara, via Saragat 1, 44122 Ferrara, Italy 
b
 Dipartimento di Ingegneria Industriale, Università degli Studi di Parma, strada Parco Area delle Scienze 181/A, 43124 Parma, Italy 
Abstract 
In recent years, the governments of most nations have pledged to (i) limit carbon dioxide emissions, (ii) reduce primary 
energy consumption by increasing production, distribution and end-use efficiency and (iii) increase the utilization of renewable 
energy sources. In general, these goals are pursued separately by law, by subsidizing renewable en ergy technologies, reducing the 
demand or using high efficiency technologies. In this context, multi-source systems for the fulfillment of energy demands are 
highly advantageous because they are based on different technologies which use renewable, partially renewable and fossil energy 
sources. However, the main issues of multi-source systems are (i) the allocation strategy of the energy demands among the 
various technologies and (ii) the proper sizing of each technology. For this purpose, a model, which takes into consideration the 
load profiles for electricity, heating and cooling for a whole year is developed and implemented in the Matlab® environment. 
The performance of the energy systems are modeled through a systemic approach. The concurrent optimization of the size and 
switch-on priority of the different technologies composing the multi-source energy plant is performed by using a genetic 
algorithm, with the goal of minimizing the primary energy consumption only. Moreover, a minimization of the net present value  
is performed in the Italian scenario by considering the cost of technologies and, in particular, the current tariffs and incentives. 
The optimization model is applied to a thirteen-floor tower composed of a two-floor shopping mall at ground level and eleven 
floors used as offices.  
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1. Introduction 
The financial and social progress is strictly related to energy production and management. Nowadays, many 
residential and industrial applicat ions still do not operate in a sustainable and efficient way [1]. One of the keys to 
overcoming this issue is to diminish the primary energy consumption of plants by means of a correct design, and a 
use of innovative and efficient technologies to meet the demands. In  this context, cogeneration and thermal 
renewable sources represent a great potential to reduce CO2 emissions and increase energy savings. Cogeneration 
systems are widespread in industrial applications, and their future field of diffusion appears to be the residential and 
commercial sector but they have to face competitor systems that utilize renewable energy  sources (e.g. heat pumps) 
[2]. The mult i-source energy plant is an innovative solution which can integrate different technologies offering an 
optimal combination of energy and economic performances. In recent times, these type of plants and their 
performances have been evaluated in many ways. Safei et al. [3] analyzed an integration of cogeneration, solar and 
conventional energy sources for a commercial application. Galvao et al [4] investigated a sustainable hybrid and 
autonomous system with photovoltaic panels and integrated gasification cogeneration technology. Meggers et al [5] 
proposed a low exergy building system combining photovoltaic and solar panels with high efficiency heat pumps. 
The integration of different energy sources leads to the need for techniques to evaluate the best configuration of the 
plant. In  this study an energy and economic analysis of a  commercial building is carried  out. The energy analysis is 
based on the primary energy consumption minimizat ion, whereas the economic analysis aims to maximize the net 
present value of the system within the current Italian scenario of tariffs and incentives. 
 
Nomenclature        
AB auxiliary boiler      WMS winter and mid season 
ABS absorption chiller     α weight coefficient of PE  [-] 
AC auxiliary chiller      β weight coefficient of NPV  [-] 
CHP combined heat and power    Ɓ temperature penalty coefficient  [-] 
COP coefficient of performance  [-]  η efficiency   [-] 
E energy    [kW]   
EER energy efficiency ratio   [-]  Subscript 
GA  genetic algorithm      
HP heat pump     avg average 
MGT micro gas turbine     cold cold 
MSES multi source energy system   el electricity 
NPV net present value   [€]  grid  electric grid  
P power    [kW]  h  hourly 
PE primary energy   [kW]  nom nominal 
SH solar thermal     norm normalized  
SOP switch-on priority    ref reference 
TP traditional p lant     th thermal 
2. The multi-source energy plant 
A mult i source energy system (MSES) has been modeled and optimized. As described in detail in a previous 
work [6], the plant is made of nine d ifferent energy systems: solar heating (SH), solar photovoltaic (PV), 
cogenerator (CHP), reversib le air source heat pump (ASHP), reversible ground source heat pump (GSHP) and 
absorption chiller (ABS). Moreover, a thermal energy storage was modeled, while  two auxiliary systems, i.e.  
condensing boiler (AB) and electric chiller (AC), are present to satisfy the heat demand and the cooling demand 
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possibly not fulfilled  by the previous systems. All of these systems can operate with different performances 
depending on external air temperature, solar rad iation and load. 
3. Model implementation 
To simulate the MSES performances a model has been implemented in the Matlab® environment. The monthly 
energy demands, the environmental data, the characteristics of each component and the tariff scenario are required  
by the model as input data. The thermal-led  logic control is adopted and heat dissipations are not allowed. The year 
is divided into winter, mid-season and summer and after that, energy demands are analyzed: the space heating 
during winter and midseason (WMS), the space cooling only in summer  and hot water and electricity throughout the 
whole year. The energy balance equations ensure the hourly fulfillment of the demands for electricity (Eq. (1)), 
thermal energy (Eq. (2)) and cooling energy (Eq. (3)).  
Eel +EGSHP,el+EASHP,el +EAC,el =EPV,el +ECHP,el+Egrid,el (1) 
Eth ൅ EABS,th =ESH,th→th+ECHP,th→th+EGSHP,th+EASHP,th +EAB,th +ESTORAGE,th→th (2) 
Ecold =EABS,cold+EGSHP,cold+EASHP,cold+EAC,cold  (3) 
PE is the sum of the energy introduced with the fuel consumed (E fuel(CHP+AB)) and related to the electricity 
exchanged with the grid: 
 ൌ ܧ୤୳ୣ୪ ǡሺେୌ୔ା୅୆ሻ ή ୤݂୳ୣ୪՜୉୔ ൅ ܧୣ୪ ǡ୲ୟ୩ୣ୬ ή ݂ୣ ୪ǡ୲ୟ୩ୣ୬՜୉୔ െ ܧୣ୪ǡୱୣ୬୲ ή ݂ୣ ୪ ǡୱୣ୬୲՜୉୔ (4) 
where f indicates the energy conversion factors  (ffuel→EP=1, fel,take→EP=2.35, fel,sent→EP=2.30) accord ing to [7] 
considering to operate at medium voltage. The economic analysis is carried out by evaluating the net present value 
(NPV):  
 ൌ െܥ଴ ൅ σ ஼೔ሺଵା௥ሻ೔ே௜ୀଵ   (5) 
where C0 is the investment cost of the plant; Ci is the cash flow of the i-th year, N is the number of years, and r is 
the discount rate fixed equal to 5 %. To analyze MSES behavior, a normalizat ion with a traditional plant (TP) has 
been done. The TP consists of an AB and an AC with nominal power equal to the peak of thermal and cooling 
demands, respectively. The grid  connection is assumed for meeting the electricity demand. A suitable hybrid  
objective function, f(x) is thus defined:  
݂ሺݔሻ ൌ ߙ ή ୬୭୰୫ ൅ ߚ ή ୬୭୰୫              with  ୬୭୰୫ ൌ ୔୉୔୉౐ౌ ,  ୬୭୰୫ ൌ
୒୔୚
୒୔୚౐ౌ
    (6) 
where α and β are two weight coefficients . 
3.1. Switch-on priority mapping 
By considering demands for WMS and the summer season separately, a switch-on priority (SOP) mapping is  
developed. The mapping allows the evaluation of the SOP that minimizes the objective function depending on the 
size and technology utilized. The mapping does not consider the SH and PV, as they are renewable , so always need 
to activate first. CHP size ranges between 20÷200 kW, with a step of 20 kW whereas ASHP and GSHP range 
between 25÷250 kW  with a step of 25 kW. The size of ABS is fixed equal to the CHP thermal nominal power. The 
storage varies the size as a function of the design power of CHP and the SH system. The result is a 3D matrix which  
contains 1,000 combinations obtainable for the components considered. Then, by analyzing the different SOP orders 
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for each combination, the model calcu lates the objective function and evaluates the best WMS and summer SOP for 
every combination. The optimizat ion model thus uses the mapping in  order to define the proper SOP for  each 
tentative solution. 
4. Case study 
The case study is a thirteen-floor tower composed of: (i) the basement, used as warehousing and a garage, (ii) the 
ground floor and the 1st floor used for commercial activ ity and (iii) 2nd ÷12th floors intended for office use. The 
building is expected to be situated in northern Italy (climat ic zone E). The monthly average daily  values of the solar 
radiation (Fig. 1a) and the total average monthly air temperature (Fig. 1b) are determined according to [8]. 
Successively, the hourly profiles are obtained as a function of the geographic location. 
4.1. Energy demands 
The heating, cooling and hot water monthly energy demands (Figs 2 and 3) separated for the different zones, are 
obtained through EdilClimaEC700®.  
The considered zones are: Zone 1 (business) and Zone 2 (offices) and an Off zone (elevators, lighting, parking 
lots and outdoor lighting basement). The whole build ing requires 207.17 MWh/yr for space heating (Fig. 2a), 154.83 
MWh/yr for space cooling (Fig. 2b), 8.75 MWh/yr for domestic hot water (Fig. 3a), and 410.92 MWh/year for 
electricity (Fig. 3b). 
 
a
 
b
 
FIGURE 1. Monthly average daily values of the solar radiation (a) and air temperature (b). 
a b
FIGURE 2. Monthly energy demand for (a) space heating; (b) space cooling. 
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a b 
FIGURE 3. Monthly energy demand for (a) domestic hot water; (b) electricity. 
All demands are evaluated considering 292 occupation days of the building and are then distributed over the days 
and then the hours of the day by means of non-dimensional p rofiles which take into consideration the type of users. 
The peaks of these hourly demands are: 234 kW for space heating and hot water, 294 kW for cooling, and 161 kW  
for the electricity. 
4.2. Energy systems 
All the machines are represented by means of a systemic approach and characterized by nominal power and 
efficiency. The SH panels efficiency is calcu lated as [9]: 
ߟ ൌ ߟ଴ െ ݇ଵ ή ቀ்ౣି்౞ீ ቁ െ ݇ଶ ή ܩ ή ቀ
்ౣି்౞
ீ ቁ
ଶ
  (7) 
where η0 is the optical efficiency; k1 and k2 the correction factors, Th the hourly temperature and Tm the average 
temperature assumed equal to 80 °C, during the summer season and to 50 °C during the winter.  
The efficiency of PV mono-crystalline silicon panels  is defined as [10, 11]: 
ߟ୑ ൌ ߟ୑ǡ୰ୣ୤ ή ሾͳ െ ፪ ήሺ ୡܶ െ ୰ܶୣ୤ሻሿ  (8) 
where ηM,ref  is reference efficiency, Tre f the reference temperature of the cell and Ɓ  the temperature penalty 
coefficient. The cell operating temperature is: 
ୡܶ ൌ ܶ୦ ൅ ሺʹͳͻ ൅ ͺ͵ʹ ή ܭሻ ή ୒୓େ୘ିଶ଴଼଴଴   (9) 
where NOCT is the nominal cell operating temperature and K  is the monthly index of serenity. The losses of the 
inverter and electrical connections are estimated considering a Balance of System efficiency equal to  ηBoS=0.9. 
A micro gas turbine (MGT) was chosen as the CHP system. The nominal electric power  PCHP,el,nom defines the 
CHP size. From market analysis the characteristic curves are obtained: 
PCHP,th,nom= 1.951 PCHP,el,nom  (10) 
ɳ CHP,el,nom= 0.1264 (PCHP,el,nom)0.1811    (11) 
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Using literature data indicating the temperature based correction for fu ll load performance [12] and [13], the 
derating curves are derived (Fig. 4 a).  
The thermal storage size is calculated according to [14]. The volume allocated to solar thermal is obtained 
considering a coefficient equal to 0.04 m3/m2, while the volume assigned to the CHP is calculated assuming a 
coefficient equal to 2 kWh/kWth. The fluid is water and the assumed in/out temperature difference is 35 °C.  
The reversible HPs performances are evaluated considering temperature and load derating by using [13] the 
approach for heating operation. An analogue technique is used for cooling operation. The ABS chosen is  a single-
effect system with H2O-BrLi mixture. The ABS efficiency is affected by the part load operation, and the value of 
nominal energy efficiency ratio, EERABS,nom, is assumed equal to 0.7 [6]. 
 
4.3. Economic scenario 
The annual operation cost is obtained by considering the Italian scenario, for both the electricity and natural gas 
supply. In particular, for the electricity supply, the reference is  the Italian MTA2 tariff (medium voltage users with 
nominal capacity higher than 100 kW) [15]; whereas, for the natural gas a tariff plan for withdrawal up to 200,000 
Sm3/yr is considered. Moreover, incentives provided by Italian legislation are considered. Table 1 shows the specific 
cost assumed for each component of the MSES. 
 
a b 
FIGURE 4. (a) MTG performance correction curves VS air temperature; (b) MGT performance correction curves VS load.  
Table 1. Specific cost of the plant machines. 
Component Specific cost Unit References 
SH 200 €/m2 [16] 
PV 3,000 €/kWp [16] 
CHP (MGT) 2,000 €/kWel [16] 
Storage 3,000 €/m3 [16] 
ABS ܿ୅୆ୗ ൌ ͷǡʹʹͳǤʹ ή ሺ ୅ܲ୆ୗǡୡ୭୪ୢǡ୬୭୫ ሻି଴Ǥସ଼ଷ଺  €/kWcold [17] 
ASHP ܿ୅ୗୌ୔ ൌͳǡͳͻ͵ ή ሺ ୅ܲୗୌ୔ǡ୲୦ǡ୬୭୫ ሻି଴Ǥଷଷଵଶ  €/kW th [17] 
GSHP ܿୋୗୌ୔ ൌ ͺǡͻͺͲ ή ሺ ୋܲୗୌ୔ǡ୲୦ǡ୬୭୫ ሻି଴Ǥ଼ ଶଷ  €/kW th [17] 
AC ܿ୅େ ൌ ͷ͹ͻǤͳͳ ή ሺ ୅ܲେǡୡ୭୪ୢǡ୬୭୫ ሻି଴Ǥଶ଴ହ଻  €/kWcold [17] 
AB ܿ୅୆ ൌ ͷͳͲǤ͵ͷ ή ሺ୅୆ǡ୲୦ǡ୬୭୫ ሻି଴Ǥଷଽ଴ସ  €/kW th [17] 
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5. Results 
5.1. Switch-on priority mapping results 
Applying the developed SOP mapping, two separate evaluations are done: one fo r WMS and one for summer. 
Table 2 shows the results of the WMS period, the most frequent (500/1,000) optimal SOP in the case α=1 β=0 is: 
Storage, CHP, GSHP, ASHP. In only 10 cases AHSP activates first, all the other cases show that the priority is to 
GSHP. In summer, case II (808/1,000) and case III (187/1,000) are the most frequent and GSHP is the first system 
switched on for both of these cases. ABS has the priority only in 3 situations. This trend confirms that GSHP gives 
more advantages and has better energy performances than ASHP and ABS for the application analyzed. 
Moreover, 3 mixed energy-economic based analyses are done and the scenario is completely d ifferent from the 
previous mapping. In  fact, the results of the case α=0.75 β=0.25 for WMS show that the CHP is no longer the most 
preferred; the GSHP act ivates the majority of cases first both in  WMS and summer (in WMS, the CHP switches on 
as the first system only in 165 cases). Moving to the economic analysis it is noted that CHP never has the priority. 
Moreover, the α=0 β=1 case demonstrates that GSHP always turns on first. The summer mapping results also 
change. Moving to the α=0 β=1 case, the ABS increases the frequency of its switch-on prio rity (from 3 to 247) but, 
generally, GSHP still activates the majority of cases first (674/1,000).  
 
5.2. Optimization results 
The variables to be optimized are: APV, ASH, PCHP,el,nom, PABS,th,nom, PASHP,th,nom, PGSHP,th,nom, PAB,th,nom, PAC,cold,nom. A 
population of 300 indiv iduals is considered for each of the 100 generations evaluated. Random mutations are set 
with a crossover fraction of 0.8 and the elite count is 6. The PV panels and SH collectors can exploit a total area of 
328 m2. The CHP nominal power is an integer in the range 0÷100 kWel, while the ABS nominal power is an integer 
in the range 0÷200 kWth. The GSHP and ASHP nominal power varies in the range 0÷250 kWth. The GA optimizes 
the objective function by imposing the WMS and summer SOP obtained from the mapping. 
Table 2. Mapping results for winter plus midseason and for summer: frequency of machines switch-on priority. 
Winter + Midseason Season (WMS)     
 Switch-on priority α=0 ; β=1 α=0.75 ; β=0.25 α=0.5 ; β=0.5 α=0.25 ; β=0.75 α=0 ; β=1 
case I Storage,CHP,GSHP,ASHP 500 165 0 0 0 
case II Storage,GSHP,ASHP,CHP 0 0 0 0 0 
case III GSHP,ASHP,Storage,CHP 168 258 359 487 570 
case IV GSHP,Storage,CHP,ASHP 322 573 641 513 430 
case V 
case VI 
Storage,CHP,ASHP,GSHP 
ASHP,GSHP,Storage,CHP 
0 
0 
0 
0 
0 
0 
0 0 
0 0 
case VII ASHP,Storage,CHP,GSHP 10 4 0 0 0 
Summer      
 Switch-on priority α=0 ; β=1 α=0.75 ; β=0.25 α=0.5 ; β=0.5 α=0.25 ; β=0.75 α=0 ; β=1 
case I ABS,GSHP,ASHP 3 2 71 164 247 
case II GSHP,ASHP,ABS 808 714 528 467 354 
case III GSHP,ABS,ASHP 187 265 335 308 320 
case IV ABS,ASHP,GSHP 0 0 0 0 0 
case V ASHP,GSHP,ABS 0 0 0 0 0 
case VI ASHP,ABS,GSHP 2 19 66 61 79 
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The optimizat ions result (Tab. 3) h ighlights the differences between α=1 β=0 case and the other cases. The 
optimization of the α=1 β=0 case provides a plant configuration with 209 m2 of PV panels and 119 m2 of SH 
collectors where the optimum SOP in WMS operating condition is: SH, Storage, CHP. In summer the SOP is SH, 
GSHP, ABS, ASHP. The other cases show very similar results to each other. For all these cases, the optimizat ion 
model proved to meet both heating and cooling demands with the GSHP supported by solar collectors and ABS 
respectively. Moving to the economy analysis, the PV sys tem progressively disappears in favor of the SH system, 
which occupies the total area of 328 m2 in the last two cases.  
Figure 5a shows the systems contribution for the thermal demand (space heating+hot water) fulfillment. Thanks 
to the Storage, the CHP meets 86 % of the annual thermal demand in the case α=1 β=0. The low remain ing demand 
is met by solar thermal co llectors either directly (11 %) or through the storage (3 %). In the other cases, the system 
which contributes the most is the GSHP, supported by the SH that increases its contribution (from 17.3 % to 25.3 %) 
moving to the α=0 β=1 case. Figure 5b indicates that, in the case α=1 β=0, cooling demand is mainly fulfilled by the 
GSHP (88.8 %) and the ABS (10.7 %) which is also fed by the CHP through the storage. All the other cases show 
analogous trends proving that ABS always gives a relevant contribution. 
The results of electricity demand fulfillment (not reported for the sake of brevity) show that the only case with a 
significant electricity production is α=1 β=0. In the other cases, electric demands are almost totally fulfilled by 
electricity taken from the grid.  
Figure 6 shows the investment cost of the systems for the five optimizations. The case α=1 β=0 has the highest 
investment cost (399,256 €). Moving to the case α=0 β=1, a p rogressive decrease to 146,126 € is shown. 
Considering that the TP investment cost is equal to 67,078 €, TP seems to be economically convenient compared  
with MSES. However, observing Tab. 4 which shows the results of primary energy consumption, NPV, payback 
time with respect to TP and fuel consumption, it is clear that the five optimizat ions are profitable relative to the TP 
(except for the economic results of the α=1 β=0 case).  
Table 3. Multi-source energy system optimized switch-on priority, sizes and efficiencies. 
   α=1 ; β=0 α=0.75 ; β=0.25 α=0.5 ; β=0.5 α=0.25 ; β=0.75 α=0 ; β=1 
PV Agross [m2] 209 128 2 - - 
 Pel,peak [kWp] 27 16.5 0.22 - - 
SH Agross [m2] 119 200 326 328 328 
CHP Pel,nom [kWel] 100 - - - - 
 ߟel,avg [ - ] 0.27 - - - - 
 Pth,nom [kWth] 195 - - - - 
 ߟth,nom [ - ] 0.54 - - - - 
GSHP Pth,nom [kWth] 242 219 214 234 249 
 COPavg [ - ] - 2.76 2.75 2.70 2.68 
 Pcool,nom [kWc] 198 180 176 192 204 
 EERavg [ - ] 5.62 5.65 5.66 4.60 5.60 
ASHP Pth,nom [kWth] 17 76 41 26 17 
 COPavg [ - ] - - - - - 
 Pcool,nom [kWc] 15 67 36 23 15 
 EERavg [ - ] 3.28 3.20 3.16 2.45 3.29 
ABS Pcool [kWc] 109 39 74 71 67 
 EERavg [ - ] 0.77 0.71 0.73 0.74 0.74 
Storage VStorage [m3] 1.33 0.60 0.99 1.0 1.0 
WMS SOP SH,Storage,CHP SH,GSHP,Storage SH,GSHP,Storage SH,GSHP,Storage SH,GSHP,Storage 
Summer SOP   SH,GSHP,ABS,ASHP SH,GSHP,ABS,ASHP SH,GSHP,ABS,ASHP SH,GSHP,ABS,ASHP SH,GSHP,ABS,ASHP 
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a 
 
b 
 
FIGURE 5. Thermal demand fulfilled by energy systems of the plant: (a) space heating plus hot water; (b) space cooling. 
 
FIGURE 6. Investment cost  of plant varying the α, β coefficients. 
Table 4. Multi-source energy system optimizations results: annual primary energy, fuel consumption, net present value and payback. 
 Units α=1 ; β=0 α=0.75 ; β=0.25 α=0.5 ; β=0.5 α=0.25 ; β=0.75 α=0 ; β=1 TP 
PE consumption 
NPV (20 years) 
Payback 
[MWh/yr] 
[€] 
[Years] 
1,093 
-1,841,076 
- 
1,119 
-1,462,705 
4 
1,134 
-1,397,599 
2 
1,136 
-1,397,218 
2 
1,139 
1,396,777 
2 
1,270 
1,617,538 
- 
Fuel consumption [Sm3/yr] 38,462 0 0 0 0 20,781 
 
Moving from the α=1 β=0 case to α=0 β=1, there is a progressive increase in PE consumption and a decrease in 
NPV values so that for the case α=0.75 β=0.25 the payback is 4 years while for the other cases it is only two years 
(the case α=1 β=0 does not have any payback). Fuel consumption is also analyzed and shows that natural gas 
consumption is only present in the α=1 β=0 case due to the CHP operation (38,462 Sm3/yr). 
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6. Conclusions 
The present paper discusses the energy and economic study of a complex multi-source energy system applied to a 
commercial building. An economic model based on the Italian scenario has been implemented taking into account 
all the actual incentives provided by the Italian law. A genetic algorithm is utilized in the Matlab® environment for 
the optimization of the size of the machines in order to minimize the primary energy consumption and the NPV of 
the plant. The energy analysis showed that the mult i-source energy plant is highly suitable in o rder to reduce the PE 
consumption explo iting all the integrated systems without using the traditional auxiliary apparatus. The switch-on 
priority only favors the CHP over the HPs (in winter and midseason) in the energy optimizat ion , demonstrating the 
potential benefit that it could guarantee coupled with a proper thermal energy storage. On the other hand , when the 
economic aspect is taken into account the scenario changes rapidly. The GSHP becomes the system, supported by 
SH which also feeds the storage, to be mainly utilized both for WMS demands and summer demands. In addition , 
moving to the economic analysis , the PV is not present anymore whereas the number of solar thermal panels 
consistently increases. This investigation thus confirmed how much the costs, incentives and tariff heavily affect the 
choice of the systems for any kind of application and demonstrated that CHPs and PV are not currently  
economically convenient enough in the Italian scenario for commercial application despite their high energy 
performances. 
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